Abstract Potassium deficiency predisposes to cardiac arrhythmias culminating in syncope or sudden death. Because of the uncertainty related to the possible occurrence of such cardiac arrhythmias in the context of normotensive-hypokalemic tubulopathies, 19 European pediatric nephrologists with a large experience of normotensive-hypokalemic tubulopathies were asked to answer a questionnaire. The responses suggest that inherited normotensive-hypokalemic tubulopathies per se do not strongly predispose to dangerous cardiac arrhythmias. However, cardiac arrhythmias may be acutely precipitated by drugs that prolong the QT interval, by diarrhea, or vomiting, and perhaps even by physical activity. Finally, the likelihood of dangerous arrhythmias in normotensive-hypokalemic tubulopathy is currently unknown.
The term normotensive-hypokalemic tubulopathy (or the eponym Bartter syndrome) is used to describe inherited renal disorders with a characteristic set of metabolic abnormalities that include hypokalemia and alkalosis. Many genetically distinct normotensive-hypokalemic tubulopathies (with or without concomitant hypomagnesemia) have been described, and recent studies have identified the underlying loss-of-function mutations in various genes [1, 2] . Potassium and magnesium deficiencies increase cardiac excitability and predispose to cardiac arrhythmias, culminating in syncope or sudden death [3, 4, 5, 6 ]. Hypokalemia, with or without concomitant hypomagnesemia, is sometimes severe in normotensive-hypokalemic tubulopathies. Nonetheless, little is known about the occurrence of malignant arrhythmias in these conditions, with the exception of a recently reported boy with an unclassifiable normotensivehypokalemic tubulopathy who suddenly died [7] . In addition, the electrocardiographic QT interval, a marker of cardiac excitability, is often prolonged in this condition [8, 9] .
Because of the uncertainty related to the possible occurrence of cardiac arrhythmias culminating in syncope or sudden death in the context of normotensivehypokalemic tubulopathies, we asked a group of pediatric nephrologists with a large experience of normotensivehypokalemic tubulopathies currently active in European countries to answer eight questions related to the prevention of dangerous cardiac arrhythmias in this condition. Nineteen nephrologists answered the questionnaire. 1 The first question focused on the use of a standard electrocardiogram and measurement of the QT interval (at least once) in children with normotensive-hypokalemic tubulopathy. Five nephrologists never use a standard electrocardiogram, 10 sometimes do, and 4 very often or even always do.
The second question focused on the use of Holter electrocardiography for 24 h in children with normotensive-hypokalemic tubulopathy. Most nephrologists (n=14) never use this, while a minority (n=4) sometimes use Holter electrocardiography in this condition.
The third question focused on the possible supplementation with potassium or magnesium salts and treatment with cyclo-oxygenase inhibitors or potassiumsparing diuretics based on the electrocardiographic (or Holter) features. The answer to this question was very clear: 16 nephrologists stated that electrocardiographic features never influenced their therapeutic attitude.
Several drugs prolong the QT interval and have been associated with cardiac arrhythmias [10] . In addition to some anti-arrhythmic agents, QT-prolonging drugs include, among others, some antihistamines, some macrolides, some antifungals, some psychotropics, ß 2 -agonists, and cisapride. Sine the potential of these drugs to induce arrhythmias is favored by the imbalance in potassium or magnesium levels, a case might well be made for avoiding the use of these drugs in normotensive-hypokalemic tubulopathies. The 19 pediatric nephrologists considered (answer to question 4) that avoiding these drugs in these tubulopathies is rather important (n=1), important (n=5), or very important (n=7). In contrast, a large subset does not have a corresponding clear-cut opinion (n=6).
Hypokalemia and, to a lesser extent, hypomagnesemia often occur in children with acute diarrhea or vomiting. Consequently, it is tempting to assume that in normotensive-hypokalemic tubulopathies the risk of severe cardiac arrhythmias is particularly high in the presence of diarrhea or vomiting. Of the 19 pediatric nephrologists involved, 4 consider that diarrhea or vomiting slightly increases the tendency towards cardiac arrhythmias in normotensive-hypokalemic tubulopathies, 9 that acute diarrhea or vomiting strongly increase the tendency towards cardiac arrhythmias, and 5 that acute diarrhea or vomiting very strongly increase the tendency towards cardiac arrhythmias (question 5).
In patients with congenital QT prolongation, dangerous cardiac arrhythmias often occur, mostly precipitated by physical activity [10] . As a consequence, patients with congenital causes of QT prolongation are currently excluded from competitive sports. A case could be made for excluding patients with normotensive-hypokalemic tubulopathies from competitive sports (question 6). A large subset (n=6) of the pediatric nephrologists had no clear-cut opinion. Three of the participants stated that excluding patients with normotensive-hypokalemic tubulopathies from competitive sports is unimportant. The opinions in the remaining 10 nephrologists were divided: 4 stated that excluding patients from competitive sports is rather important, 4 that it is important, and 2 that it is very important.
Of the 19 nephrologists, 17 feel (answer to question 7) that further investigations are important or even very important to assess the true hazard of dangerous arrhythmias in patients with normotensive-hypokalemic tubulopathies. Finally, at least 14 recommend (question 8) setting up a working group of experienced cardiologists and nephrologists to develop practical guidelines for the cardiac work-up and management of children and adolescents with normotensive-hypokalemic tubulopathy.
In conclusion, pediatric nephrologists are of the opinion that inherited normotensive-hypokalemic tubulopathies per se do not strongly predispose to dangerous cardiac arrhythmias. However, in normotensive-hypokalemic tubulopathies dangerous cardiac arrhythmias may be acutely precipitated by medical treatment with drugs that prolong the QT interval, by diarrhea or vomiting, two further causes of hypokalemia in childhood, and perhaps even by physical activity (competitive sports). The attitude of pediatric nephrologists towards the risks of cardiac arrhythmias in children with normotensive-hypokalemic tubulopathy likely reflects the assumption that cardiomyocytes adapt to chronic hypokalemia but do not adapt to acute hypokalemia. Although cardiac excitability has been related to extracellular electrolyte imbalance, it is the altered gradient across the cell membrane that modulates cardiac excitability. In acute hypokalemia, intracellular potassium levels are relatively stable and altered potassium gradients are largely dependent on extracellular potassium levels. In chronic hypokalemia, however, intracellular potassium levels are reduced, suggesting that the potassium gradient across the cardiomyocyte membrane is not dependent only on extracellular potassium levels [5, 8, 9] . Finally, the answers reflect the fact that the likelihood of dangerous arrhythmias in normotensive-hypokalemic tubulopathy is currently unknown.
